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Candida albicans, the yeast-like fungus causing thrush, is probably the most
familiar fungus to bacteriologists and to members of the medical profession.
It is the etiological agent of lesions located in a wide variety of anatomical sites
including the mucous membranes of the mouth, throat, bronchi or lungs, and
vagina. In addition, it frequently attacks the skin (especially the interdigital
webs of the hands and feet, the axillae, the infraniammary and inguinal regions)
and the nails, while much more rarely it involves the heart, the meninges, the
blood stream, and the bones and joints. Although the organism has been found
in conjunction with a number of intestinal disturbances, it has not been definitely
established whether Candida albicans is a primary cause of these disturbances,
or whether it is merely a secondary invader since it also has been isolated from
the normal gastro-intestinal contents (2, 6, 10, 41, 43, 46). Likewise, this dif-
ficulty is present in proving Candida albicans the causative organism in broncho-
pulmonary and vaginal infections because it has also been isolated from the
normal sputum (10, 21, 31, 49) and vaginal secretions (40). Thus, extreme cau-
tion must be exercised in attributing presenting lesions to this organism as it
may be only a secondary invader. These infections have all been described
by the rather loose general term, moniliasis.
The early literature reveals many investigations reporting the recovery of
"oidium, monilia, yeasts, pityrosporon" and other fungi from numerous skin
sites of normal persons (notably the scalp, breasts, inguinal areas, toes, and nails)
(6, 9, 10, 14, 18). These fungi were not distinctly classified, and therefore it
cannot be definitely ascertained from the literature that Candida albicans was
encountered. Candida albicans is now recognized as a definite entity, a some-
what variable species to be sure, and possibly several closely related species;
nevertheless, it is clear in the literature that the one undoubtedly pathogenic
species, Candida albicans, was previously never isolated from the normal skin
by any of those who made an attempt to differentiate species (14, 22, 29, 32).
Several writers have stated or implied that Candida albicans is a parasite of the
normal skin, yet these authors have signally failed to cite evidence in support of
their contentions (11, 16, 27). Drake (19) also purported to have found this
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organism on the intertriginous areas of the toes, yet he did not present evidence
that these areas were histologically normal, nor did he assert that they were.
The present investigation was undertaken with the objective of surveying,
by the most modern methods of culture and classification, the normal cutaneous
surfaces and determining the presence or absence of Candida albicans on the skin
of apparently healthy individuals. At the same time, it was decided to survey
pathologic cutaneous surfaces to ascertain whether the organism was more
prevalent on the integument of persons known to have chronic and/or recurrent
skin affections other than that diagnosed as moniliasis. Numerous authors
have also studied the yeast-like flora of the morbid skin, but none have definitely
eliminated lesions of moniliasis in their studies (3, 17, 23, 24, 25, 26, 38, 45, 51).
EXPERIMENTAL PROCEDURES
Source of Isolation Material
A total of 309 white subjects were carefully chosen as sources of material for
this study. Of this total, 109 were termed "pathologic", i.e. they were patients
of the dermatologic clinic of the University of Minnesota Hospitals known to
have skin disease. A summary of the various diagnoses of these individuals is
presented in table 1. The remaining 200 were University of Minnesota students
and friends who volunteered to serve as the "normal" subjects.
Each diagnosis of skin disease was carefully confirmed to eliminate Candida
albicans from skin lesions of unknown entities (see table 1.). Naturally, it is
not to be assumed that each region sampled had a definite skin pathology, since
many of the areas were completely normal. Individuals who had received med-
ication or whose lesions were covered with ointments were dismissed until such
time as they could be examined free of any skin medication on the areas selected
for study.
Certain precautions were observed, as well, in obtaining specimens from nor-
mal individuals. Firstly, no person was selected for this part of the study who
showed any apparent skin abnormality, thus approximately 20 per cent of the
volunteers were rejected. Secondly, these volunteers were instructed to refrain
from bathing for several days in order to give the yeast-like flora of the skin a
better opportunity to grow and to survive on the sites examined. As Candida
albicans is known to remain viable and to proliferate in dead, moist, surface tis-
sue accumulations, this precaution was thought to be of some value. Scrubbing
procedures surely remove much surface dirt, sweat and tissue detritus, thus com-
plicating the procedure of obtaining positive samples by swabbing or other sim-
ilar techniques.
A wide range of ages was represented in the survey. The ages of the patients
with skin diseases ranged from 7 to 79 years, with an average age of 45.3 years;
while those of the "normal" group varied from 18 to 57 years, with an average
age of 24.9 years.
Since the isolated material was obtained from November 1946 through June
1947, the seasonal factor of lessened perspiration during the colder season of the
year was encountered. Body sites were selected, however, which were normally
subject to perspiration during all seasons of the year. Since it is well-known that
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Candida aThicans thrives on moist areas of the skin (4, 11, 12, 29, 35), such areas
were especially selected for study. Those selected were as follows: the axillae,
TABLE 1
Diagnoses of pathologic subjects surveyed
DIAGNOSES NUMBER OF CASES
Acne vulgaris 2
Alopecia areata 1
Dermatitis, atopic 10
Dermatitis, contact 8
Dermatitis, herpetiformis 1
Dermatitis, mycotic (non-monilial) 2
Dermatitis, pustular 1
Dermatitis, seborrheic 6
Dermatitis, stasis 1
Eczema 20
Eczema, stasis 6
Epitheliosis, suppurative 1
Erythema niultiforme 1
Fibromata 1
Folliculitis 1
Hodgkin's disease 1
Ichthyosis 1
Keratodermia 2
Leukemia, chronic lymphatic 1
Lichen planus
Lichen simplex, chronic 2
Mycosis, feet (ringworm) 2
Mycosis fungoides 1
Myxedema 1
Neurodermatitis, circumscribed 5
Neurofibromatosis 1
Pediculosis 2
Pityriasis rosea 1
Poison ivy 2
Pruritus, anal 2
Pruritus, general 3
Pruritus, senile 2
Psoriasis 6
Rosacea 1
Sarcoma, Kaposi's hemorrhagic 1
Syphilis, secondary 2
Tumor, jaw 1
Ulcer, stasis 2
Urticaria, papular 1
Varicella 1
Total 109
the umbilicus, the inframammary regions (females only), and the interdigital
areas of the fingers and toes. From these sites, a total of 1,353 specimens was
collected.
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It will be noted that certain regions of the body were omitted where there was
a decided possibility of isolating Candida albicans due to chance contamination
of the skin surface by a source proven by other investigators to exist in normal
individuals. (See previous discussion.) For this reason, the inguinal regions
and mouth areas were omitted.
It is felt that the number of sites selected represents an inclusive survey of the
body surfaces subject to perspiration. Since many of the previous investigators
examined only one or two body areas, their chances of successfully isolating
Candida albicans were greatly limited. Only a few of the other investigators
have also conducted comprehensive surveys of four or more skin areas (9, 17, 18,
20, 22, 25).
Cultural Materials and Methods
The initial "isolation enrichment broth" employed was a 3 per cent peptone, S per cent
glucose liquid medium which was dispensed into 25 x 150 mm, test tubes in 20 cc. amounts.
Cotton-tipped applicators were inserted to within one inch of the top of the medium column,
and the tube stoppered with cotton and sterilized. The pH was adjusted to 3.5 by the
addition of a mineral acid (HC1) after sterilization. All tubes were incubated 3 to 5 days
to test for sterility. The pH of this medium did not discourage mold growth, although in
most instances it entirely prevented bacterial contamination.
Just previous to the collection of specimens, the sterile cotton-tipped applicators were
pushed down into the peptone glucose broth to moisten the entire swab. This moistening
was designed to aid in picking up organisms on the skin which might have been missed by
dry swabbing or other similar technics.
Five tubes in all were used for each individual. One tube for both axillae, the second
for both hands, the third for both feet, the fourth for the umbilicus, and the fifth for the
inframammary region of female subjects. Each of these regions was carefully rubbed with
enough pressure to thoroughly effect the removal of some superfluous epithelium. After
this, the applicators were replaced in their respective tubes, pushed down into the liquid
medium and incubated for 14 days at room temperature (27° C.). The cultures were kept
at this temperature, although they would have grown as well at a wide range of temperatures
(1, 8, 33, 39, 47).
Sabouraud's agar prepared by the addition of 20 grams of Bacto agar, 10 grams of Bacto
peptone, and 50 grams of dextrose to 1000 cc. of distilled water was the principal medium
employed to recover the mixtures of organisms resulting from growth in the primary peptone
glucose broth. In addition this medium also served to maintain suspected Candida strains.
Gelatin stabs were made in the usual fashion by adding 15 per cent Bacto gelatin to 1000
cc. of beef peptone broth. This medium served as a screening device for quickly identifying
organisms which were able to produce mycelia. A straight inoculating wire was touched
to the suspected yeast-like colony on Sabouraud agar plates and then stabbed into the
gelatin medium. Incubation was carried out at 20° C. to 21° C. for 1 month in a special
refrigerator modified for this purpose. Organisms showing projections of mycelia radiating
perpendicularly from the line of inoculation were picked and transferred to Sabouraud
agar slants until further identification could be accomplished.
Corn meal agar was used to observe the presence of chlamydospores, blastospores, and
mycelia of the yeast-like organisms recovered from incubation in gelatin stab cultures.
The method of preparation was a modification of that used by Bernhardt (7). Forty grams
of yellow corn meal was added to 300 cc. of distilled water in an 800 cc. screw-capped medi-
cine bottle and heated in a water bath at 60° C. for 1 hour. Since the filtration process
required several hours, the contents were filtered at icebox temperature to prevent bacterial
growth, Distilled water was added to adjust the volume to 1000 cc., and 20 grams of agar
was dissolved in this medium by steaming and the mixture was then sterilized. The closed
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bottle prevented any evaporation and minimized subsequent losses of what nutrient ma-
terials remained in this medium.
Growth from the gelatin medium was inoculated on corn meal agar in Petri plates by
the "cut-streak" method of Benham (5). Incubation at room temperature, with day to
day observations, was executed for 2 weeks. Those organisms presenting characteristic
branched mycelia, blastospores and chiamydospores were selected as tentative strains of
Candida albicans, to be confirmed by other procedures. It is known that at times Candida
albicans does not produce chiamydospores on corn meal agars (11, 13). Several such strains
were observed in this study.
Anderson's corn meal extract medium (1) for the detection of mycelia and chlamydo-
spores was also employed as an identifying measure. This medium was made in the same
manner as the previously described corn meal agar, save that no agar was used. This ex-
tract was dispensed in 12 X 115 mm. test tubes in 2 cc. amounts. In addition, 0.5 cc. of a
1 per cent sterile aqueous solution of Congo red was added to each tube after sterilization.
Incubation was necessary for only 48 hours because filaments of Candida albicans and most
of the other yeast-like fungi were visible macroscopically and microscopically within this
period of time. Chiamydospores appeared in wet slide preparations as reddish doubly-
contoured cells at the tips of filaments and within the mycelia as intercalary bodies. The
dye served to differentiate these structures from other parts of the organism, since it was
almost always found only in these cells. Occasionally, it was also observed in the proto-
chlamydospores.
Blood agar was prepared by the addition of 10 per cent whole human blood to a base of
nutrient beef extract agar. The primary use of this medium was to ascertain whether the
organisms persisted in the rough or "R" phase on Sabouraud slants. The author found,
as did Martin et al. (37), that this medium induced several of these "R" types to revert to
the smooth or "S" types, usually after only one transplant. Since "5" types are more
readily identified on various media than the "R" forms, the use of blood agar as an addi-
tional adjunct to identification is justified. A secondary, but nevertheless important use
of this medium, was to renew the ability of certain strains of Candida albicans to form
chiamydospores which may have been lost temporarily. Thirdly, blood agar was employed
to distinguish Candida albicans from Candida stellatoidea, the only other species of Candida
which also produces chiamydospores. Candida albicans exhibited smooth, grayish-white
entire colonies, while Candida stellatoidea would have been characterized by heaped-up,
star-shaped colonies possessing a green zone of pigmentation. Candida albicans may also
show this greenish zone on blood agar, but it is usually much less intense than the former
(30). No colonies of Candida stellatoidea were encountered in this study.
Sugar fermentation tests were used to substantiate identifications determined by mor-
phologic characteristics and other means. These tests were carried out only in dextrose,
maltose, sucrose and lactose, for it has been shown that other sugars are unnecessary for
the identification of Candida albicans (13, 33, 37). Duplicate fermentation tubes were run
on all strains of Candida producing chlamydospores. The sugar media were compounded
by adding 1 per cent Bacto peptone plus 3 per cent of the specific sugar to distilled water.
The amount of peptone was possibly slightly excessive as basic substances formed from it
are sometimes sufficient to mask a weak acid reaction, especially when the cultures are
incubated at 37° C. It was hoped that an incubation temperature of 27° C. would over-
come this difficulty by cutting down alkaline reactions, since at 37° C. temperature causes
reversion to the alkaline side quickly (50, 52). No difficulty was encountered in this re-
spect. Wickerham and Rettger (52) advocate an incubation temperature at 30° C. in order
to give reproducible results, yet it was felt that a 27° C. room temperature was satisfactory,
especially when the tubes were held for as long as 16 days.
An overabundance of oxygen reduces the fermentation reaction as does also too great a
reduction of oxygen in the media (52), hence it was decided to try a modified method of
using screw-capped culture tubes for observation of fermentation tests. These tubes have
an air column sufficient for oxygen needs and yet small enough for organisms needing re-
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duced air supplies. Twenty-five cubic centimeters of each medium was dispensed into
screw-capped tubes (25 by 150 mm.) equipped with Wassermann tube gas trap inserts (10
by 75 mm.). All sugars were sterilized by autoclaving with 15 pounds of pressure for 8
minutes, and then were tested for sterility by incubation for 3 days at 370 C. A large
inoculum was removed from the maintenance Sabouraud slants and transferred to these
sugar broths. Although Martin et al. (37) claimed the necessity of using an inoculum from
sugar-free media for fermentation tests, Croft and Black (13) in a later study did not find
that the sugar-free media produces any better results. All tubes were incubated 4 days
at 27° C., and after this length of time, an indicator, bromcresol purple, was added and the
caps tightly replaced. As the dye solution was not sterilized, but prepared in as sterile a
manner as possible, uninoculated control tubes of each sugar were incubated for 1 week
with the indicator to determine sterility. These controls also served to check the color of
the added dye. After addition of the dye, each tube was incubated an additional 12 days
at the temperature mentioned above. Tubes were shaken slightly several times during the
16 day incubation period to prevent mechanical blockage at the bottom of the gas traps
(28, 48). It was elected to add the dye solution after the organisms had been given an
adequate opportunity to grow, hoping to obtain more consistent fermentation reactions
than other workers who incorporated dyes into their media upon preparation. As many of
the bacteriologic dyes are detrimental to cell growth (even in extremely dilute solutions),
it was thought that some of the inconsistencies reported regarding fermentation reactions
may have resulted from this factor.
As recommended by other authors (37, 53, 54), calcium lactate milk was used to further
identify strains of Candida albicans. It was prepared by adding 10 grams of skim milk
powder to 100 cc. of distilled water, dispensed in 10 cc. amounts into regular culture tubes,
and sterilized by the Arnold method. After sterilization, 0.5 cc. of a sterile 10 per cent
solution of calcium lactate was added to each tube. Sterility was determined by incubating
for 3 days at 370 C. This medium was inoculated, incubated at 370 C., and checked daily
for evidence of coagulation. Candida albicans is known to produce a firm clot due to a
rennin-like enzyme elaborated by the cells. The only other species of the Candida group
producing coagulation are Candida stellatoidea and Candida tropicalis. Candida tropicahs
produces only a false positive coagulation at the top of the milk column and can thus be
distinguished (53). While the other species, Candida ztellatoidea, truly coagulates milk,
it had previously been definitely eliminated by the use of blood agar and fermentation tests.
In this study the classification of Diddens and Lodder (15), who base their system upon
morphologic and physiologic criteria, has been followed.
DISCUSSION
Of the 1,353 initial tubes of 3 per cent peptone, 5 per cent glucose broth inoc-
ulated, 1,093 tubes, or 80.8 per cent, showed evidences of yeast-like growth. The
balance of 260 tubes, presenting true mold, bacterial growth, or no evidence of
growth was discarded. This percentage of positive yeast-like isolates is as high
or higher than most reported findings. It is believed that the use of a liquid en-
richment medium yields a greater percentage of growth than other known meth-
ods. In conjunction with the use of such a medium, however, one must bear in
mind that methods of procuring samples should be just as reliable as the medium
used for growth of samples. Usually the various organisms grew profusely at
the bottom of the tubes, a factor which facilitated recovery, as molds refused to
grow under the oxygen tensions available.
Sabouraud agar streak plates produced a total of 2,773 yeast or yeast-like col-
onies. One-hundred and seven, or 3.9 per cent, showed mycelia in gelatin stabs.
Of these, 79 proved to be members of the genus Candida by the recognition of
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mycelia and blastospores, but no arthrospores. The "inverted pine tree" growth
described by many investigators as being typical of Gandida albican. in gelatin
stabs was not observed in four of the later proven strains.
Chiamydospores were observed in 8 of the 79 Candida species on the first
plating on corn meal agar. Subsequent transfers of the remaining 71 cultures
to blood agar plates and thence to cornmeal agar plates, revealed an additional
3 strains producing chiamydospores. These strains also gave fermentation re-
actions fairly typical of Candida albicans.
Corn meal extract was also tried for its ability to demonstrate chiamydospores.
All chiamydospores, but particularly intercalary chiamydospores, were more
TABLE 2
Biochemical reactions of Candida albicans isolated from the skin
CARBOHYDRATE REACTIONS
CULTURE STRAIN COAGULATION
Glucose Maltose Sucrose Lactose
days
1 5b AG AG AG 9
2 48b AG AG AG 6
3 49a AG — A 8
4 53c AG AG A 5
5 59e AG AG* AG 10
6 69b AG A A 8
7 69e AG AG A 6
8 96b AG AG A 4
9 2lcx AG AG* A 7
10 26bx AG AG A 5
11 79cx AG AG A 9
A—acid.
G—gas.
* Indicates slight variation in gas production in duplicate tube.
readily distinguished in this vehicle as they were usually the only cells of the or-
ganisms incorporating the Congo red dye. Also, morphologic details were re-
vealed in but 24 to 48 hours, while in some cases as long as 5 days or more were
required before chlamydospores could be distinguished on corn meal agar. A
total of 11 strains of Candida albicans was thus tentatively diagnosed by morpho-
logic characteristics, and the remaining 68 cultures were classified as Candida
species.
The 11 strains identified by morphology were confirmed by fermentation tests
to be Candida albicans as shown in table 2. The fermentation reactions of these
11 strains were found, as far as dextrose and lactose are concerned, to correlate
with the typical species examined by other investigators (15, 33, 37). Most au-
thors give the typical reactions for the other sugars studied to be acid and gas in
maltose, and acid only in sucrose. Two strains positively identified as Candida
albicans failed to give typical reactions in maltose. Culture No. 3 (table 2) pro-
duced neither acid nor gas. This loss of capacity to ferment this sugar has also
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been reported by other investigators (33, 34, 36). It is thought to be only of a
temporary nature; however, this strain did not ferment maltose after several
attempts. Culture No. 6 revealed only acid in maltose. It may seem safe to
assume that gas also was produced in this culture, yet in a smaller amount and
at a slower rate, so that the saturation point of the medium was never reached to
show gas production either in the broth itself or in the gas trap. This is the
interpretation van Niel and Cohen (42) give to such a phenomenon. The
author was not hesitant in classifying these organisms as Candida albicans since
both strains produced abundant terminal chiamydospores in both corn meal
media.
In addition, it will be noted in table 2, that cultures 1, 2, and 5 of the identi-
fied Candida albicans strains produced acid with gas in sucrose. It has been ob-
served that Candida albicans sometimes produces acid with a small amount of
gas in sucrose (15); but in the cultures mentioned, gas filled over one-half of
TABLE 3
Distribution of Candida isolated from 109 pathological skins
ORGANISMS AXILLAE FINGERS TOES
INPRA-
MAR-
—
UMBIL-
2
TOTAL
Strains 'Persons
8 7
% PERSONS
WIRE
ORGANISMS
6.4Candida athicans 1 4 1
Other Candida species 5 8 15 2 6 36 26 23.9
the gas insert tubes. Diddens and Lodder (15) have mentioned in their study of
over 80 strains of Candida albicans that a number were able to produce abundant
gas in sucrose. The findings of this paper in this respect are, therefore, not sur-
prising. Because of this production of gas in sucrose, these 3 strains appear to
give the typical fermentation reactions of Candida tropicalis. The finding of
chlamydospores in these 3 strains definitely eliminated this possibility. Again,
it is evident that all methods of identification must be taken into account in
order to positively classify strains of Candida albicans.
The author believes that reproducible results can be obtained with his modified
tube technics for fermentation reactions. Inthenumber of duplicatetubes tested,
fairly uniform results were obtained. Advantages that this method possesses
are the ease of handling, the fact that the media can be stored for long periods
of time with little or no change in pH, and that no evaporation takes place.
As shown in table 2, all strains identified as Candida albicans coagulated
calcium lactate skim milk medium in from 4 to 10 days at 37°C. A positive re-
action in this medium was indicated for the formation of a distinct clot through-
out the tube.
RESULTS OF SURVEY
Eleven strains of Candida albicans were isolated from 309 individuals and
identified by characteristic morphologic and biochemical reactions. As set forth
in table 3, eight strains of Candida albicans were isolated from 7 persons desig-
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nated as "pathologicals". From 1 pathological subject, two strains of this
organism were recovered. Candida albicans was thus isolated from 6.4 per cent
of these 109 subjects. In table 4, it is shown that three strains of Candida
albicans were isolated from 3 persons termed "normals", for a percentage of 1.5
of 200 persons examined. It is further revealed in tables 3 and 4 that Candida
albicans was isolated from a variety of sites. It will be noted that the majority
of strains were recovered from the fingers and toes, and none were recovered from
the inframammary regions of female subjects. An interesting observation is the
TABLE 4
Distribution of Candida isolated from 500 normal skins
ORGANISMS AXiLLAE FINGERS TOES
INRRA-
MAN-
MARY
tnSBIL-
cus
TOTAL
Strains Persons
3 3
32 29
% PERSONS
WITU
ORGANISMS
1.5
14.5
Candida albicans
Other Candida species
—
—
1
6
2
24
—
—
—
2
TABLE 5
Summary of pathologic and normal subjects harboring Candida albicans
CULTGXE STRAIN SEX AGE DIAGNOSIS SITE
1
2
3
4
5
6
7
8
9
10
11
59e
49a
5b
53c
96b
(69b
(69e
48b
2lcx
26bx
79cx
M
M
M
M
F
M
M
F
F
F
M
27
69
49
78
50
23
23
66
21
19
25
Dermatitis, atopic
Dermatitis, contact
Dermatitis, seborrheic
Eczema
Neurodermatitis,
circumscribed
Pruritus, anal
Pruritus, anal
Pruritus, senile
Normal
Normal
Normal
Umbilicus
Axillae
Fingers
Toes
Fingers
Fingers
Umbilicus)
Fingers
Toes
Fingers
Toes
Cultures 6 and 7 are from the same individual.
fact that organisms were not only recovered from such exposed sites as the fingers
but a few strains were also recovered from such relatively unexposed regions as
the umbilicus and axilla.
The author is in agreement with the views of Peck et al. (44) that sweat seems
to serve as a fungicide in those areas where it is found in the greatest concentra-
tion. This may be the reason for the almost negligible recovery of Candida
albicans from the swabbing of the axillary regions in this study. The present
study tends to confirm the generally accepted opinion of dermatologists that
warm, moist skin areas, with but slight fungicidal properties, would seem to pro-
vide a fertile field for the growth of organisms such as Candida albicans.
Table 5 reveals that the organisms were found on the skin of patients exhibit-
ing skin disorders having various diagnoses such as pruritus, dermatitis, and
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eczema. These were all superficial conditions, and attention may be called to
the fact that in no case was the organism associated with some of the more serious
generalized systemic conditions listed in the diagnoses in table 1. Some may sug-
gest that the described cases of pruritus, eczema, and dermatitis may have been
unrecognized Candida infections. As long as the human factor is present, errors
may occur; but the author was particularly careful to eliminate all suspected
Candida infections.
As has been demonstrated in table 3, Candida albicans is found more often on
the integument of persons known to have cutaneous eruptions than on the cutan-
eous surfaces of normal persons. The organisms were not usually found in close
association with the pathologic skin conditions; since the areas examined were
several, and usually far removed from the skin lesions present on the patient.
Any conclusive reason why Candida albicans is found more often on the patho-
logic cutaneous surfaces cannot be definitely stated. The supposition might be
presented, however, that the physiologic factors responsible for the appearance
of the dermatoses might also favor the growth of Candida albicans on these sur-
faces.
The patients from whom Candida albicans was recovered represented a relat-
ively wide range in age; the youngest being 19 years of age, while the oldest was
78 years. Lewis and Hopper (32) state that the predisposition to cutaneous
moniiasis increases with age. A perusal of table 5 shows the average age of the
pathological group to be 51.7 years, while the average age of the normal group is
22 years. No conclusions should be drawn from these figures since most of the
encountered dermatologic diseases increase with age, and the normal group was
much younger than those of the pathologic series.
For the following reasons, it is extremely difficult to satisfactorily correlate the
isolation of Candida albicans from 6.4 per cent of the pathologic subjects examined
with the results of other investigators: firstly, this study was limited to persons
exhibiting skin abnormalities other than moniliasis; secondly, the sites selected
for study were not always identical with those chosen by other investigators;
and thirdly, the organisms were distinctly classified in this study, while many
other workers used only loose general terms such as "yeasts, levures, yeast-
like fungi", etc. Nevertheless, with the reservation that Downing et al. (17)
did not specifically eliminate Candida infections, their survey may be scrutinized
as most nearly approximating this investigation of "pathologicals," for they ex-
amined a number of sites and classified the organisms to species. Their isola-
tion of Candida albicans from the skin of 5.5 per cent of 476 patients with cuta-
neous eruptions is slightly lower than that found by the author. As in the
present survey, they also isolated the majority of their strains from the fingers.
These are the first definitely reported isolations of Candida albicans from the
skins of apparently healthy individuals by an investigator who attempted to
ascertain species. It is possible that others may have also isolated Candida
albicans, but their failure to classify the organism into either genus or species,
and the dearth of details regarding morphology, biochemical reactions, and the
like make their absolute identification impossible. In addition, the rare mci-
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dence of Gandida albi cans reported in this study makes it seem unlikely that it was
encountered in studies dealing with smaller numbers of samplings.
In this study, Candida albicans was isolated from 1.5 per cent of the normal
individuals examined. From the small percentage of isolations from the normal
cutaneous surfaces, it cannot be definitely concluded that it is present with any
degree of regularity. Although the author took every precaution to avoid con-
tamination, that possibility is always present in a survey of this nature. If such
is the case, the organisms may have just been deposited on the skin, and not had
an opportunity to set up an infectious state.
Since, however, Candida albicans was recovered from the skin of ten persons
(both normal and pathologic) not exhibiting any apparent "monilial" lesions, the
author is more inclined to believe that this organism is able to initiate growth
on dead, moist tissue detritus as a saprophyte. This is in consonance with the
generally accepted concept of most dermatologists, both past and present.
When such conditions as skin maceration, high blood sugar, low fungicidal
properties of sweat, or other physiologic imbalances occur favorable to a more
prolific growth of the organism, it is able to adapt itself to a parasitic existence.
In order to make any definite conclusions regarding theories of its existence
on the undiseased cutaneous surfaces, it would be necessary to conduct a more
extensive survey of the same individuals over a long period of time. It may be
safely concluded, however, that Candida aibicans can be found infrequently on
the normal skin, but careful attention to technics of isolation are necessary for
detection of its presence.
SUMMARY
A survey of the skin surfaces of 309 individuals (109 presenting various skin
abnormalities, but not diagnosed moniliasis; and 200 apparently healthy individ-
uals) was undertaken to ascertain the presence or absence of Candida albicans
on the skin of these subjects. Sites cultured by swabbing technics and enrich-
ment procedures included the interdigital spaces of the hands and feet, axillae,
umbilicus, and the inframamxnary regions of female subjects. Candida albicans
was isolated from 1.5 per cent of the normal subjects, and from 6.4 per cent of
individuals exhibiting skin diseases other than moniliasis.
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